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METHOD AND APPARATUS TO CONTROL THE 
DENSITY OF PRODUCTS PRODUCED FROM AN 

EXTRUSION PROCESS 

BACKGROUND OF THE INVENTION 
1. Field of Invention . 
The present invention relates to a method and an 

apparatus for controlling the density of products and, 
more particularly, to products produced from a foam 
extrusion process. 

2. Prior Art 
In a foam extrusion system, materials such as resin, 

additives, and blowing agent are all introduced into an 
extruder. The resin and additives are heated (e.g., 450° 
F. or 230° C.) and are mixed with the blowing agent to 
form a mixture. The mixture is then cooled and is ex 
truded through a die. Products produced from such a 
foam extrusion system include disposable cups and 
dishes, egg cartons, and meat trays. " 

In certain applications, it is highly desirable to con 
trol the density of the products produced by such a 
foam extrusion system. Heretofore, however, such con 
trol has been formed manually, and has been lacking in 
accuracy and speed of response. 

SUMMARY OF THE INVENTION 

The present invention is an apparatus for automati~ 
cally and continuously controlling the density of prod 
ucts produced from a foam extrusion process to main 
tain the density of each of the products at a predeter 
pmined value. The extrusion process has an extruder 
wherein a substance is introduced and is heated; the 
substance is then mixed with a blowing agent to form a 
mixture; the mixture is cooled and is extruded to pro 
duce the product. The apparatus comprises means for 
measuring the weight per unit area of the product; 
means for detecting the thickness of the product, means 
for calculating the value of density based upon the 
weight per unit area and the thickness; and means for 
comparing the calculated value of density to the prede 
termined value to produce an error signal. Control of 
the density of the product is based upon the error signal. 
The present invention is also a method for continu 

ously and automatically controlling the density of prod 
ucts produced from a foam extrusion process to main 
tain the density of each of the products at a predeter 
mined value. The method comprises continuously mea 
suring the weight per unit area of the product; continu 
ously detecting the thickness of the product; calculating 
the value of the density of the product based upon the 
weight per unit area and the thickness; comparing the 
calculated value to the predetermined value to produce 
an error signal; and controlling the density based upon 
the error signal. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a block diagram illustrating the apparatus 
and method of the present invention. 
FIG. 2. is a plot of the density of the foam product as 

a function of the temperature of the mixture, immedi 
atelyafter extrusion from the extruder. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIG. 1, a system for extruding foam 
products is generally indicated by reference numeral 10. 
The system 10 comprises an extruder 12. The extruder 
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12 has three sections: a melt section, a mix section, and 
a cool section. Resin enters into the melt section of 
extruder 12 through the ?rst inlet 14. Typically, the 
resin is in a solid form, such as pellets, beads or powder. 
The amount of resin entering into the extruder 12 is 
regulated by ?rst metering device 16. Additives enter 
into the melt section of extruder 12 through the second 
inlet 18. Typically, the additives are also in a solid form. 
The amount of additives entering into the extruder 12 is 
regulated by second metering device 20. For conve 
nience, the additives and resin may be premixed in a 
batch and enter together into the melt section of the 
extruder 12 through the same inlet (e.g., ?rst inlet 14) 
and regulated by a single metering device (e.g., ?rst 
metering device 16). The metering device 16 and 20 
may be conventional weight feeders. In the melt section 
of extruder 12, the resin and additives are heated to an 
elevated temperature (e.g., 450° Fahrenheit or 230° 
Centrigrade), suf?cient to melt the resin and the addi 
tives. Typically, a heating jacket 22 surrounds the melt 
section and the mixing section of extruder 12 and pro 
vides the requisite heat. A motor 12 is used to move the 
resin and additives and to assist in melting the resin and 
additives. 
A blowing agent enters into the mix section of ex 

truder 12 through third inlet 24 at a high pressure Typi 
cally, this is at about 5000 p.s.i. or 350 Kgm/cmz. The 
amount of blowing agent which enters into the extruder 
12 through third inlet 24 is controlled by a valve 26. 
Resin and additives which have been melted in the melt 
section of extruder 12 are mixed with the blowing agent 
in the mix section of extruder 12 to form a mixture. The 
mixture is then cooled in the cooling section of extruder 
12. Typically, this is accomplished by cooling jacket 28 
surrounding the cooling section of extruder 12. Finally, 
the mixture is extruded from the extruder 12 through a 
die 30 to form foam products 32. The die 30 is typically 
a circular die. Foam products 32 which are produced 
from the foam extrusion system 10 may be used to fabri 
cate products such as egg cartons and meat trays. 
Once the foam product 32 is extruded from the die 30, 

the product 32 may be subject to further cooling by for 
example, an air blower 50. The amount of air blowing 
from the air blower 50 is controlled by an air pump 52. 
The weight per unit area of the foam product 32 is 
measured by a basis weight sensor 34. The basis weight 
sensor 34 comprises a radiation source 34a to one side of 
the product 32 and a detector 34b to the other side of 
the product 32. The detector 34b measures the amount 
of radiation received after the radiation has passed 
through the product 32 from the source 34a. Such basis 
weight sensor 34 is well known in the art, see e.g., U.S. 
Pat. No. 3,681,595 and U.S. Pat. No. 3,697,755. The 
thickness of the product 32 is detected by a thickness 
sensor 36. The thickness sensor 36 can comprise a ?rst 
section 360 to one side of the product 32 and a second 
section 36b to the other side of the product 32. The 
thickness sensor 36 can be of a non-contacting type, 
such as that disclosed in U.S. Pat. No. 4,107,606 or the 
thickness sensor 36 can be of a contacting type, such as 
that disclosed in U.S. Pat. No. 4,107,847. The product 32 
is eventually wound up at a roll 38. 

In the apparatus of the present invention, the product 
32 is continuously measured by the basis weight sensor 
34, and continuously measured by the thickness sensor 
36. The measurements from the basis weight sensor 34 
and the thickness sensor 36 are entered into a density 
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calculator 40. The density calculator 40 calculates the 
value of the density of the product 32 based upon the 
basis weightsensor 34 and the thickness sensor'36, ‘in 
accordance with the formula of 

Weight _ Weight 1. 
Volume _ Unit Area Thickness 

Density = 

The calculated value of density based upon the density 
calculator 40 is entered into a comparator 42. A target 
value, or a predetermined value, the value atwhich it is 
desired to have the product 32, is also entered into the 
comparator 42. The comparator 42 compares the target 
value to the calculated value and produces an error 
signal. The error signal is used to adjust the system 10 in 
order to product the product 32 having a density value 
at the target value. In one embodiment shown in the 
drawing, the error signal is used to control the valve 26, 
regulating the amount of blowing agent entering into 
the extruder 12. The error signal may also be used to 
control the amount of resin and additives that enter into 
the extruder 12 through the ?rst metering device 16 and 
second metering device 20, as shown by the dotted line. 
Finally, the error signal may also be used to control the 
temperature of the mixture immediately prior to or 
immediately after being extruded through the die 30. 
This can be accomplished by controlling the amount of 
cooling provided by the cooling jacket 28 or the 
amount of air provided by air pump 52 to be blown 
through air blower 50. This is shown as a dash-dot-dash 
line. Clearly, the error signal can be used to control the 
density in any combination of the foregoing described 
ways. 

It should be appreciated that the apparatus and 
method of the present invention is the rapid, continu 
ous, and automatic control of a foam extrusion system 
to maintain the density of the product produced from 
such a system at a predetermined value. The present 
inventions offer the advantages of automatic control, 
improved in quality of the extruded product, and an 
increase in throughput (production rate), thereby re 
ducing the production cost. 
The theory of operation of the present invention is as 

follows. In general, the blowing agent is a compressible 
?uid, such as Freon. Typically, the freon is injected into 
the extruder 12 as a liquid under high pressure, such as 
5000 p.s.i. or 350 Kgm/cm2 and although the Freon has 
a relatively low melting point, the Freon remains in a 
liquid state under high pressure when mixed with resin 
and additives in the mix section of the extruder 12. As 
the mixture of resin, additives and Freon is cooled and 
is then extruded from the die 30, the pressure of the 
atmosphere outside of the extruder 12 is less than the 
pressure inside the extruder 12. The decrease in pressure 
causes the evaporation of the Freon, creating pockets of 
gas (foam cells). The formation of the foam cells occur 
immediate after extrusion from the die 30. 
The size and number of foam cells depend on the 

amount of Freon in the mixture. As the amount of freon 
in the mixture increases, the size and the number of 
foam cells increases. As a result, the foam product 32 
becomes more porous or less dense. 
The density of the foam product 32 is also dependent 

upon the amount of resin and additives introduced into 
the extruder 12, and extruder therefrom. As the amount 
of resin is decreased with the same amount of Freon, the 
product 32 is extruded would have more foam cells per 
unit volume. Thus, the density would decrease. 
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Finally, the density of the product 32 is affected by 

the temperature of the mixture when the mixture exits 
the extruder 12 during the formation of the foam cell. 
As the temperature of the mixture increases, the viscos 
ity of the mixture decreases and the surface tension of 
the foam cells decreases, which results in larger foam 
cells. This would decrease the density of the foam prod 
uct 32. However, as the temperature of the mixture 
increases further, the viscosity of the mixture becomes 
so low that the mixture can no longer form foam cells. 
In effect, the foam cells would burst and collapse with 
the result that the number of foam cells would decrease. 
This would increase the density. The effect of tempera 
ture of the mixture on the density of the foam product 
32 is shown in FIG. 2. As can be seen from FIG. 2, 
increasing the temperature would initially cause a de 
crease in density, up to a point, followed by an increase 
in density. 
Although the invention has been described with re 

spect to a foam extrusion system 10 comprising a single 
extruder 12, the method and apparatus of the present 
invention may also be used to control the density of 
foam products produced from a foam extrusion system 
having a plurality of extruders, such as that for a tandem 
extruder system. 
What is claimed is: 
l. A method for continuously and automatically con 

trolling the product from a foam extrusion process to 
maintain the density of said products at a pre-deter 
mined value, said process has an extruder wherein resin 
and additives are introduced and are heated, a blowing 
agent is then introduced, and is mixed with the resin and 
additives to form a mixture, said mixture is cooled and 
is extruded to produce said product; said method com 
prising: 

continuously measuring the weight per unit area of 
said product by a basis weight sensor and generat 
ing an electrical signal related thereto; 

continuously detecting the thickness of said product 
by a thickness sensor and generating an electrical 
signal related thereto; 

generating an electrical signal related to the calcu 
lated value of density of said product based upon 
the electrical signal related to said basis weight 
measured and the electrical signal related to said 
thickness detected; ' 

comparing the electrical signal related to said calcu 
lated density value to an electrical signal related to 
said predetermined density value to produce an 
error signal; and 

controlling the density of the product produced by 
said process based upon the error signal. 

2. The method of claim 1 wherein said controlling 
step comprises: 

adjusting the amount of blowing agent introduced 
into the extruder. 

3. The method of claim 2 wherein the electrical signal 
related to the calculated value of density is based upon 
an operation of: 

dividing the weight per unit area that is measured by 
the thickness that is detected. 

4. An apparatus for continuously and automatically 
controlling products produced from a foam extrusion 
process to maintain the density and thickness of each of 
said products at a predetermined value, said process has 
an extruder wherein resin and additives are introduced 
and are heated, a blowing agent is then introduced into 
the extruder and is mixed with the resin and additives to 
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form a mixture, said mixture is cooled and is extruded to 
produce said product; said apparatus comprising: 

basis weight sensor capable of measuring the weight 
per unit area of said product and generating an 
electrical signal related thereto; 

thickness sensor capable of detecting the thickness of 
said product and generating an electrical signal 
related thereto; 

a density calculator capable of calculating the value 
of density of said product from said above electri 
cal signal and generating a signal corresponding to 
the calculated density value; 

means for comparing said calculated density value to 
an electrical signal related to said predetermined 
density value to produce an error signal; and 

means for controlling the density of the product pro 
duced by said process based upon said error signal. 20 

25 

30 

35 

45 

50 

55 

65 

6 
5. The apparatus of claim 1 wherein said controlling 

means comprises means for adjusting the amount of 
resin and additives introduced into said extruder. 

6. The apparatus of claim 1 wherein said controlling 
means comprises means for adjusting the temperature of 
said mixture. 

7. The apparatus of claim 1 wherein said controlling 
means comprises means for adjusting the amount of 
blowing agent introduced into said extruder. 

8. The apparatus of claim 7 wherein said basis weight 
sensor comprises a radiation source to one side of said 
product, capable of emitting a beam of radiation 
through said product; and a radiation detector to the 
other side of said product capable of detecting the 
amount of radiation transmitted through said product. 

9. The apparatus of claim 8 wherein said thickmess 
sensor comprises a non-contacting caliper gauge. 

10. The apparatus of claim 8 wherein said thickness 
sensor comprises a contacting caliper gauge. 

* * * * * 
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